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COMMON OF AUSTRALIA 

IN THE MATTER OF : Australian Patent 
Application 696764 (73941/94). In the name of: 
Human Genome Sciences Inc. 

IN THE MATTER OK : Opposition thereto by 
Ludwig Institute for Cancer Research, iindex 
Section 59 of flie Patents Act. 

STATUTORY DECLARATION 

1, Stuart A. Aaronson of Mount Sinai Medical Center, TSTew Vorlc, New York. T Jnited States 
of America, declare as follows: 

1 . I am currently the Director of the Dcrald H. Ruttenberg Cancer Center for ihe 
Mount Sinai Medical Center in New York, New York. I have held this 
position since 1993. From 1977 to 1993, 1 was ihe Chief of the Laboratory of 
Cellular and Molecular Biology ax the National Cancer Institute, Bellicbda, 
Maryland. From 1970 to 1977, 1 was the Head of Ihc Molecular Biolo^ 
Section, fiom 1969 tol970, a Senior StaffFcUuw mid fiOui 1967 to 1969, a 
Staff Associate at the Vira.1 Carcinogenesis^ Branch at ttic National Ceuicci 
Iciiititutc. I wa5 awaided my M.D. in 1966 from tlic University of California 
Medicsd School, San Francisco. 

2. . Since the 1970s, my research has focused on growth factors and their role in 

tumorigenesis and cancer as. evidenced by my cuiriculum vitac, which lists the 
publications that I have authored or co-authored. My reseoreh in the area of 
the molecular biology of growth factors and their receptors, including 
keratinocyte growth factor, fibroblast growth factor and vascular endothelial 
growth factor, has encompassed mammalian models of tumorigenesis. 
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including human mmor model syslcius. Nuw shown to mc and marked 
"Annexure 1" is a copy of my ciu riculuni vitac. 

3. I have btsen a^ikcJ by tlie Patent Attorneys tcprcscnting Human Genome 
Sciences CUGS'') to review Australian Patent Application Au-B-696764 
(73941 /94) in tlie name of IIGS, entitled "Vascular Endothelial Growth 
Faulor-2" C*thc HGS patent specification"), which claims priority and has a 
virtually identical specification to U.S. application no. 08/207,550, filed 
March 8, 1994. T have been asked to review and comment on the 
experimental evidence provided in Dr. Alitalo's Stamtory Declaration. I have 
also been aiskcd to rc\'icw and comment on the experimental evidence 
provided in a draft of Dr. Susan Power's Statutory Declaration, which the 
Patent Attorneys representing HGS have stated she will be serving in these 
proceedings. I have also been asked to provide my comments and opmionf? ai? 
to what the patent specification would provide to one of ordinary skill in the 
art of the molecular biology of growth factors as of the earliest filing date of 
the HGS patent specification, March 1994. For purposes of this analysis. I 
considered not only what I kiiew and appreciated at the relevant lime, but what 
was expected to be known by gmd^i^te students and postdoctoral fellows who 
were in my laboratory at the relevant tinie. 

Specific Comments Concerning The Patent Specification ^ 

4. T have reviewed and analyzed the polynucleotide^ and auimu acid sequence, 
identified by HGS to encode the himian VBGF-2 prolein, as scl forlli in Figuie 
1 of the MGS patent specification. The HGS paiexit specification describes, 
but is not limited to, the characlcrizaliuu uf the VEGF-2 sequence and encoded 
prulciii. Tlic HGS palciil specification describes the human VEGF-2 protein 
as bLruclurally iclatcd to die PDGFA^EGF family, a known family of secreted 
growth factors. The HGS patent specification farther discloses fliat flie 
VEGF-2 polynucleotide is predicted to contain an open reading firame of 
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approximately 1050 residues, which encodes VEGF-2. (See, the HGS patent 
specification at page 5, lines 25-27). The specification reports that at the 
aiuiiiu acid level, VEOF-2 cAliibIU» llic hi)4icsl liumuluKy lu vascular 
cndulhclial >y:uwlh faclor (30% identity), ToUowcd by PDGF alpha (23%) and 
PDGF beta (22%). (See, the HGS patent specification at page 5, lines 28-31), 
The IIGS patent specification further characterizes the VEGF-2 protcm as 
containing ciglit cysteines which ai'c consci^ed among all known jneoibeis of 
the PDGFA^EGF family, and in addition, also contains the fourteen amino 
acid signature motif. PXCVXXXRCXGCCN, found in all members of the 
PDGFA^GF family. (See, the HGS patent specification at page 5, lines BI- 
BS). The HGS patent specification speculates that the first 24 residues of the 
350 amino acid sequence may encode a signal sequence. (Sec, the HGS patent 
specificatipn at page 4, lines 29-31, and page 5, lines 26-27). 

5. Based on the characterization of the VEGF-2 protein set forth in the HGS 
patent specification, one would recognize that the protein was a member of the 
^ti'DUb/VEGh^ family of growth factors. The PDGFATEGF family of growth 
factors, Hke other growth factors, must be secreted in order to exert their 
growth promoting or mitogenic effects. Since all previously identified 
members of the PDGFA/'EGF family were known to be secreted, one would 
expect the newly identified V K(*tK-7 to also be secreted. 

6. By March 1994 it was well known lo me and, T believe to my colleagues in 
the angiogenic field thai the PDGFAHEGF family of growth factors were 
expressed initially as precursor proteins which underwent proteolytic 
processing resulting in a mature, secreted form of the protein. Thus, I would 
Iiavc predicted LliaL VEGF-2 would be expressed in a similar way. The 350 
amino acid sequence set foxth in Figure 1 of the HGS patent specification 
contains the consei"ved, signature muLifa for an acrive form of a protein 
belonging to the PDGFA^EGF family. Thus in Maich 1 994, 1 would hiive 
predicted the protein encoded by the sequence disclosed in FxMurc 1 uf the 
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HGS patent specification, containing those signature motife characteristic of 
the PUGb'/VEGt family to be biologically active. 

Specific Commejits on Experimental Evidence Supplied In Dr. Alitalo's Declaration 

7. Dr Aliialo's Declaration describes experiments designed to deiennlne whether 
the 3S0 amino acid sequence disclosed in the HGS paieni specificaiion is 
secreted as a marure form of the VEGF-2 protein. These experiments utilize 
constructs encoding amino acids 70 to 419 of the full length VEGF-2 (i.e.. 
amino acids 1 to 350 described in the HGS patent specification) modified to 
contain a hemagglutinin peptide tag (HA) fused to its carboxy terminus or a 
vector encoding the complete 419 aiiiiiiu auid bcqucncc ufVEOF-C. 

8. These vectors were transiently transfected mto .a maiiinialian cell line, 293T 
cells. The cell lysates and culture medium were assayed for the presence of 
newly synthesized VEGF-2AT3GF-C proteins. VEOF-2/VEGF-C were 
partially purified from the cell medium and cell lysates using an 
immunoprecipitation procedure using antibodies. The antibody used to detect 
VEGF-2 (70-4 1 9) was a monoclonal antibody that recognizes the 
hemagglutinin peptide tag. By contrast, the antibody used to 

. immunoprecipitate VEGF-C (1 419) was a polyclonal antibody which 

recognizes residue£S 31 to 51 of the 350 amino acid VEGF-2 polypeptide. At 
the outset, I note that serious flaws are introduced into Dr. Alitalo'e 
experimental design given that two different antibodies were used in the study. 

9. FirsT, Dr. A^litalo has reported the inability to isolate VEGF-C tising an 
antibody which recogni2es the C-terminal residues 372-394 or a tag attached 
to the C-ierminus of VHGF-2 (Jt^ul^ov et al., 1997, EMBO J 16: 3898, at 3900, 
*7oukov")« As Dr. Alitalo ha<? reported, the amino and carboxy terminal 
propeptides of the precursor form of VEGF-CA^CfF-2 undergo eyfen55ive 
prutcolyLic processing, resiiliing in the mamre form of the protein (see, Jnnk-nv 
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at pages 3906-7). Dr. Alitalo has also reported that the carboxy terminal 
propeptide "is cleaved additionally at its C-terminus," accoxmting for his 
inability to isolate VEGF-C either by using an antiserum against the C- 
lerminal amino acid residues 372-394 or by using a tag at the C-terminus (see 
Joukov at piige 3900, second column). If VEGF-2 is efficiently proLeolyLically 
processed to tlie inatm e form, tlie tag Is cleaved Jioiu the caiboxy teaiiiiius. 
Tlic tag no longer linlced to the matm e fomi of VEGF-2 does not allow for tlic 
isolation and detection of the mature protein. Thus, the mature secreted form 
would not be detected using an antibody which recognizes a tag attached to the 
carboxy tcraiinus, as reflected by Dr. Alitalo 's own publications. 

10. The HGS scientists have reported the successful isolation of a modified 
VEGF-2 protein containing an HA-tag at its carboxy terminus using a 
monoclonal antibody to HA (See, HGS Australian Patent No. 714484 and Ha 
J.S. et al. FASEB J. 11 (6): 498 504). However, the HGS studies were 
conducted in COS cells, whereas Dr. Alitalo's experiments were conducted in 
293T cells (see Dr. Alitalo's Declaration at ^ 6.2). The significance of the 
different cell types used is provided by Dr. Alitalo 's own publications 
(Joukov). This publication compares the proteolytic processing of VEGF-2 
avpressed by a number of diHerent cell lines, including COS cells, PC-3 cells, 
HT 1080 cells, and 29:H RttN A cells. The results of this comparison, as 
reported hy I )r. A litain was that "[tjhe proteolytic processing of the VEGF-C 
precursor in COS cells was less efficient when compared with other cell 
types." (Joukov, at page A^iU , second coUimn). Thus, as the VEGF-C 
precursor is processed less efficiently in COS cells, the cleavage of the HA tag 
fiom the carboxy lemiinus should also be less efficient, which may account for 
HOS':^ ubilily lu successfully isolate the protein firom COS cells using a 
carboxy HA tag. 

1 1 . Second, the use of tw^o antibodies intioduucs anulticr serious flaw into the 

experimental design, which in the absences ufthc apprupriale controls prevents 
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drawing meaningful conclusions from the data obtained. Since the antibodies 
recognize completely different determinants — one within VEGF C and the 
other an HA-pcptide tag — each will have different affinities for the proteins 
they bind. Furthermore, one antibody is polyclonal and the other is 
monoclonal. Consequently, it is not possible to make any quantitative 
comparison between the results obtained for VEGF-C and VEGF-2, since the 
differing efficiency with which the antibodies bind their targets does not allow 
direct comparison of the level of proteins present in the assayed samples. 

1 2. I'he aim of IJr. Alitaio*s study is to determine whether VEGF-2 (HOS) is 
prnca<:sed correctly and secreted by a mammalian cell line. However. 
Dr. Alitalo's experimental design allows for ihe detection of both the 
precursor and mature processed forms of VEQF-C with an anti-VEGF-C 
antibody; whereas the antibody used to detect VEGF-2 recognizes an HA tag 
fused to the C-teraiinus of the unprocessed fomi of VEGF-2 (see. Exhibit 3 of 
Dr. Alitalo's DeclaratloT))- As discussed in H 9 above, efficient processing of 
llie yrecuisoi piutciii icbults in cxlcii&».ive piuce^biug ufbuth Uic auiiiiu cuid 
caibuAy tcrmiircil ends tliui>, prcvculiuK dclcuLiuu of the mature protein willi a 
caiboxy terminal tag* However, the precmsoi form of VEGF-2 which still 
retains llic HA lag is icaJily detectable (5>ee Extiibit 3 of Dr, Alitalo's 
Declaration). Thus, Dr. Alitalo's experimental design allows for tlic detection 
of both unprocessed precursor form and mature VEGF-C, whereas only the 
unprocessed precursor form of VEGF-2 can be detected, 

13. Therefore, it is not possible to draw any meaningful conclusions about the 
relative efficiency of secretion of VEGF-C and VBGF-2 (70 to 419) from 
these data — the same antibody should have been used in both cases. 
Furthermore, no controls have been carried out to determine the transfection 
efficiency of the plasmids used — thus preventing any valid quantitative 
comparisnns being rtrawn troin the data obtained. 
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14. Dr. Alitalo states that the expression level of VEGF-C is much higher than that 
of VEGF 2 (HGS), and this may be due to inefficient translation and/or that 
the intracellular turnover rate of VEGF2 (HGS) is much taster than that of 
VEGF-C (Dr. Alitalo's Declaration at 1| 8.3). Neither of these c-onnlusion.s are 
supported by the data set forth in Dr. Ahtalo's J Jeclaration. As discussed in 
TTTf 9 to 12 above, it is nnt possible to draw any conclusiorus firom these data 
based on flawed quantitative comparisons. The conclusions set forth in 
Dr. Alita In's I )eclaration are mere speculaiion that are unsupported by the 
results obtained. 

Specltic rinmments on Experimenta:i Evidence Supplied tn Dr. Power's Declaratiun 

Thus^ the question of whether the 350 amino acid ^sequence as set forth in tlie 
HGS paxenx specification does indeed conlaiu suXIicieiit Liifomiation to i-csult 
in Ihc mature pruucssed form of VEGF-2 when secreted firom a cell has, in my 
opiniuu, been addiessed and affiiinatively confimied in the experiments 
repoitcd hi Dr. Susan Power's Statutory Declaration. 

By March. 1994, had I found that the VEGF-2 350 amino acid sequence ebt 
forth in the IIGS patent specification v/as not secreted, in order to ensure 
secretion of VEGF-2, 1 woizld have engineered a heterologous signal sequence 
upstream and in fi-amc with the 350 amino acid sequence, and it would have 
involved routine practice to do so. Indeed, this approach is specifically taught 
in the HGS patent specification (at page 14, lines 6-23). 

17. The expectation that I and, I believe others of ordinary skill m the field would 
have had, that engineering a signal sequence upstream of the sequence set 
forth in Figiu-e 1 of the patoit specification woulrl resnlt in the expression and 
secretion of a biologically active protfiin as set thrth in the HCtS patent 
specification, has indeed been confirmed by the experimental evidence 
provided in Dr. Power's Declaration. The experimem set forth in Dr. Power's 
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Of Vbor ^ v« tV,e 41 9 amino acid sequence ot 

^ were coUected and «ch w»« assayed for th= presence of 

culwre mc*um "-^T" ,y , Western bio. analysis 

VBC3F-2. The presence of VbW '-""■^ „vnoB.2 
^toB to Dr Power's «eclan«,on. a polyclonal anubody to VEGF-2 
usmg acoording to ur. ro processwl, 

fo™ ofVEaF-2 CSeel 13 ofDr. Power-sDeclara^on). 

H-nr«,er in my opinion, the flaws ta Dr. AUtalo-s experimental dc^lK., which 
renu^ajnteanin^ — be^.^..^^^^^^^^^ 

rrs"t=3::::.o.ids_e^ 

is capable of dctcotingboth fl^precurscr fonn and the «.t^.. 
^^fJcfVECr.2. second. the cxpcrin.en..l protocol. noiuded 
l.pa.u.B .raosfection efficiencies, and also included postttvc and nes^we 
:lls L the e^on of VBOF-^ 0... «.o expression vector enco^J 
feU-lcngth VECF-2 and *c expression vector in the absence of any VEGF . 

VEGF-2 protein repression and .««tion over a 72 honr time pertod. 

The r^ult. of the «tperi«««. desenW in Dr. Pcwer-sPeelaraUon clearly 
■ Lon..raU«.a..h.3S0an.inoacids.,«ene.of^^OF.2fu.di,^n.e^^^ 
aheterolcsou. signal se,uene. results in the seoreHon of VbO^-. W .H 
ceU(s.eFign.elorDr.Fower-.Deeh>rs«on). Tl,e seeded pn,d„ct re.„.,t,ng 
hoth the ..SO signa, se^ce constmct and the 4.9 anuno acid s« 
eonstmct. resolves as a broad band of spproximat^y 30 KDa. and at «te later 
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time points, g^., 72 hours, one can also detecx, in addilion Lo Lliib baud, a 
minor hand of approximately 21 kDa secreted by bolh constructs (sec Figure 1 
of Dr. Power's Declaration, in particular at Gel 3, lanes 22 and 24). The 
observation of a broad band at approximately 30 kDa and a minor band at 
approximately 21 kDa is consistent with Di. Alitalo's observation that the 
majority of secreted VEGF-C is detected as a broad doublet band of 
approximately 29-31 kDa and another minor band of about 21 kDa (sec, 
Alitalo Declaration at t 7.2). Dr. Alitalo's publications also oonfiim that a 
doublet at approximately 30 kDa and another band at 21 kDa reflects a 
correctly processed form of VEGF-2 (sec Joukov at page 389S). Thus, the 
lesults present in Dr. Power's Declaration confirm thiat engineering a 
heterologous signal sequence in firame with the coding sequence of the 350 
amino acid sequence set forth in Figure 1 of the patent specification, not only 
results in the secretion of the protein into the culture medium, but also results 
in the secretion of a correctly processed mature form of VEGF-2. 

20. The results of the experiments reported in Dr. Power's Declaration a Iso 

demonstrate that the expression of the 350 amino acid sequence of VEGF--7. 
with a signal sequence contains sufficient information tn a] low for the correct 
processingof the protein to a mature hiolngira I ly active protein. The 
expression of the :s.*>0 amino acid form of VEGF-2 results in the secretion of a 
proteolytically processed protein which is the same size as the secreted 
processed form resulting from the expression of the 419 amino acid constmct. 
The secreted proteins which result from the expression of the 419 amino acid 
form of VEGF-2 and the 350 amino acid fonn of VEGF-2 with a signal 
sequence are indistinguishable in size. Boih are secreted as a protein which 
resolves as a band at approximately 30 kDa, with another minor band 
detectable at appiuAijxiatcly 21 kDa (see Figuic 1 of Dr. Power's Declaiatioa, 
at Gel 3, lanes 22 and 24). Tliis is in a^cejueiit with Dji- Alitalu's 
observations of the mature biologically active form of VEGF-C as. set forth in 
his declaration and publication (see ^19 above). Thus, consistent with the 
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tcacliiii)4 ufUic HGS patent specification, tlic 350 amino acid sequence with a 
signal sequence, as set forth in the patent specification, contains sufficient 
information to result in the correct proteolytic processing of the VEGF-2 
protein. 

21. The expectation that the sequence set forth in Figure 1 of the patent 
specification does indeed contain the oonserved motifs which would confer 
biological activity to the secreted VEGF-2 protein has also been confirmed by 
the experimental evidence provided by Dr. Power's Declaration. The results 
presented in Dr. Power's Declaration clearly demonstrate the 350 amino acid 
sequence of VEGF-2 fused in fi-ame with a signal sequence results in the 
secretion of a proteolytically processed form which is resolved as a band at 
approximately 30 kDa and another minor band at approximately 7 1 VHa, The 
same species obseived with expressinn nf the 41 9 amino acid form of VEGF-2 
(see l^r. Power's I Jeclaralion, Figure I at Gel 3, lines 22 and 24): The 30 kDa 
and the 21 ki^a species have been consistently identified in the art as the 
correct processed form of VEGF-2 with biological activity. Dr. Alitalo 
identifies this same species as the mature biologically active form in his own 
declaration (see. Dr. Aliialo's Declaration at t 7,2). Dr. Alitalo also identifies 
this same species as the mature biologically active form of VEGF-2 in his 
publications (see, Joukov at page 3900). Thuii» llic secreted VEGF-2 pioteiii 
resulting flx)m the expression of the 350 amino acid sequence set forlli ui the 
patent specificaLiuii, would also be expected to have biological activity. 

22. Ill sum, tlie experimental evidence provided in Dr, Power's Declaration 
demonstrates that tiic 350 anuno acid sequence disclosed in the HGS patent 
specification fiiscd in frame with a signal sequence results" in a secreted form 
of VEGF'2; and that the 350 amino acid sequence contains snfGcient 
information to be correctly processed by the cell. Furthermore, the expression 
of the 350 amino acid sequence with a signal sequence results in the secretion 
of a mature form of VEGF-2, which is indistinguishable from that observed 
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with expression of the ^ 19 amino acid form of VEGF-2 as shown by both Drs. 
Power and Alitalo. 



patent specification in combination with the siaie of the an as of March 1994. 
T or one skilled in the ait following the teaching of the HGS patent 
specification coupled with the. state of the an, would predict that the 350 
amino acid sequence with a signal sequence would rcsull in the expiession and 
secretion of a protein which retains VEGF-2 biological activity. 

24. Tlic experimental evidence provided in Dr. Power's Declaration confimis the 
IcachiiiM^ uf llie HOS patent specification, demonstrating that the 350 amino 
eicid sequence set forth in the patent specification fused in firamc to a signal 
sequence results in a secreted form of VEGF-2, which is correctly processed 
by the cell. Furthcnnore, these results confimi that the 350 amino acid 
sequence wdth a signal sequence contains sufficient infomiation to be coireetly 
processed by the cell resulting in a secreted, biologically active VEGF-2 



AND I declare further that all statements made in this Declaration of my own are tme 
in every particular, and that all statements made on information and belief are believed to be 
true. 



Conclusion 



23. 



In my opinion. 1 or one sirilled in the art would ideniifir the VEGF-2 protein as 
a novel member of the HI ^GK/V HtjF family of growth factors, and as such, 
would recognize that VEGF-2 is also a growth factor, based on the HGS 



protein. 
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